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METHOD AND DEVICE FOR
CONTROLLING TRANSMISSION POWER IN
UPLINK TRANSMISSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/203,471, filed on Aug. 25, 2011, now U.S.

Pat. No. 8,977,312, which 1s the National Stage filing under
35 U.S.C. 371 of International Application No. PCT/
KR2010/001176, filed on Feb. 25, 2010, which claims the
benelit of earlier filing date and right of priority to Korean
Patent Application No. 10-2010-0015218, filed on Feb. 19,
2010 and also claims the benefit of U.S. Provisional Appli-
cation Nos. 61/220,511, filed on Jun. 25, 2009, 61/169,699,
filed on Apr. 13, 2009, 61/161,414, filed on Mar. 19, 2009,
61/161,420, filed on Mar. 19, 2009, 61/157,863, filed on
Mar. 5, 2009, 61/155,519, filed on Feb. 26, 2009, and
61/155,493, filed on Feb. 25, 2009, the contents of which are
all hereby 1ncorporated by reference herein in their entirety.

TECHNICAL FIELD

The present invention relates to a method and device for
controlling transmission power in uplink transmission.

BACKGROUND ART

The major objectives of power control are to guarantee a
required received signal to noise ration (SNR) by compen-
sating path-loss and fading of channel and to provide a high
system throughput with proper link adaptation. In addition,
inter-cell iterference can be also handled by power control.
In the 3rd generation partnership project (3GPP) long term
evolution (LTE) system, the uplink power control 1s based
on open-loop power control with closed-loop correction.
The open-loop power control 1s handled by a user equipment
(UE) and the closed-loop correction 1s done by an evolved
Node B (eNB). FIG. 1 shows basic concept of uplink power
control in LTE system.

As shown 1n FIG. 1, the uplink power 1s mainly measured
by UE 1n open-loop manner and the eNB can adjust the
uplink power by closed-loop correction factor A.

The exact formula can be expressed as the following Math

Figure 1.

P PUSCH(f):miﬂ{P aax 10 log o (M(@)+P,(7)+

(i) PL+A ;-())+f(i)} [dBm] [Math Figure 1]

In Math Figure 1, at a time 1ndex 1, the P, ,, .- denotes the
maximum allowed power, and 1t depends on the UE class. In
addition, M(1) 1s decided according to allocated resource
blocks which can varied from 1 to 110 and 1t 1s updated in
every subiframe. The o-PL 1s used as path loss compensation
term where PL denotes downlink path-loss estimated by UE
and 1s scaling value. The aus equal to and less than 1 and 1s
expressed as 3 bit value. If a=1 1s satisfied, path loss 1s fully
compensated and If o<1 1s satisfied, path loss 1s fractionally
compensated.

In addition P,(j) 1s calculated as the following Math
Figure 2.

Po=Po cerr specirictPo ve speEciFic [Math Figure 2]

In the Math FIG. 1, 1(1) 1s UE-specific parameter con-

trolled by the eNB. In addition, the power control for
Physical Uplink Control Channel (PUCCH) can be defined
as the following Math Figure 3.

Poyceg(®) =min{ Py P o puccatPL+

hncontarotAr pucca(EF)+g ()} [dBm] [Math Figure 3]
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2

The parameter A, »,,~~-AF) 1s provided by higher layers.
Each A, ,,c/(F) value corresponds to a PUCCH format
(F) relative to PUCCH format la. In addition, h(n) is a
PUCCH format dependent value, where n.,; corresponds to
the number information bits for channel quality information
(CQI) and ng 4z, 1s the number of hybrid automatic repeat

request (HARQ) bits.
For PUCCH {format 1,1a and 1b, the following Math

Figure 4 1s satisfied.

h(HCQﬁHHARQ):O [Mﬂth FlgUIE 4]

For PUCCH format 2, 2a, 2b and normal cyclic prefix, the
tollowing Math Figure 5 1s satisfied.

lglﬂglﬂ( ZQ:J) lf HCQ! > 4 Math Flgure 5]

0 otherwise

ARcor, RHARG) = {

In addition, for PUCCH format 2 and extended cyclic
prefix, the following Math Figure 6 1s satisiied.

hncor, RHARD) = [Math Figure 6]

flcor + REARD
4

0 otherwise

r .
lglﬂglo( ) 1f flepgr + Bgaro < 4

P, prrecrr 18 @ parameter composed of the sum of a cell
specific parameter P, onvir prrecr provided by higher
layers and a UE specific component Po v puccer provided
by higher layers.

O czr 18 @ UE specific correction value, also referred to
as a Transmission Power Control (TPC) command, included
in a PDCCH with DCI format 1A/1B/1D/1/2A/2 or sent
jomtly coded with other UE specific PUCCH correction
values on a PDCCH with DCI format 3/3A whose CRC
parity bits are scrambled with TPC-PUCCH-RNTI.

In addition to PUCCH and PUSCH, Sounding Reference
Signal (SRS) 1s also power controlled as the following Math
Figure 7.

Psps(i)=min {P wvax Psrs orrsert10 log o(Mggs)+
Py pusca)+a-P L"‘f(l)} [dBm]

In the Math Figure 7, P, 1s UE transmission power for
SRS transmitted on subirame 1.

For K~1.25, P, OFFSET 1s a 4-bit UE specific param-
eter semi-statically configured by higher layers with 1 dB
step size 1n the range [-3, 12] dB.

In addition, for K. =0, Pero »rrorr 15 @ 4-bit UE specific
parameter semi-statically configured by higher layers with
1.5 dB step size in the range [-10.5 12] dB. Here, the Ks 1s

a parameter for turning on or turning off A1), where A (1)
1s a parameter for controlling power of PUCCH.

M 15 the bandwidth of the SRS transmission 1 sub-
frame 1 expressed 1n number of resource blocks.

(1) 1s the current power control adjustment state for the
PUSCH.

P, ~:</(]) 15 @ value composed of sum of cell-specific
power control parameter and UE-specific power control
parameter, which are configured by higher layers.

FIG. 2 illustrates general uplink transmaitter structure in
LTE system. AS shown 1n FIG. 2, only one antenna port

[Math Figure 7]
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transmission 1s allowed 1n uplink LTE system and 1n a time,
single channel of PUCCH and PUSCH can be transmitted.

DISCLOSURE OF INVENTION

Technical Problem

The uplink power control 1s handled with whole UE
transmission power due to single power amplifier (AMP)
UE structure. However, 1 a UE employs multiple power
AMPs, single power control factor may cause a significant
problem 1n 2 TX antenna case since power 1mbalance prob-
lem can happen due to a specific situation of handset (e.g.,
hand gnipping). Therefore, appropriate power control
mechanism should be designed for 2 Tx antenna case.

Meanwhile, PUSCH and PUCCH have their own power
control factors as Py, ~z{1) and P, c~7{1).

In addition, each channel can transmit maximum transmait
power P, ... in LTE system since both channels are never
transmitted at the same time. However, if it 1s allowed to
transmit both PUSCH and PUCCH at the same time, appro-
priate power sharing should be designed to enable simulta-
neous transmission of PUSCH and PUCCH 1n the advanced
system (e.g., LTE-A).

Solution to Problem

Accordingly, the present invention 1s directed to a user
equipment 1n wireless communication system, the user
equipment 1including an antenna unit including a plurality of
antennas; a control unit for grouping the plurality of anten-
nas 1mto a predetermined number of antenna groups and
controlling separately transmission power of each of the
predetermined number of antenna groups; and a transmitting,
unit, connected to the control unit, for transmitting at least
one of data and control information to a base station via at
least one of the predetermined number of antenna groups.

Preferably, the user equipment may further include a
receiving umt for recerving information about turn-on or
turn-oil of each of the predetermined number of antenna
groups.

Preferably, the antenna unit may include four antennas
and the turn-on and the turn-oil of each of the predetermined
number of antenna groups may be configured as an index.

Also, there 1s a user equipment 1n wireless communica-
tion system, the user equipment 1including a control unit for
controlling a maximum transmission power of Physical
Uplink Control Channel (PUCCH) and a maximum trans-
mission power ol Physical Uplink Shared Channel
(PUSCH); and a transmuitting unit, connected to the control
unit, for transmitting the PUCCH and the PUSCH simulta-
neously. The control unit controls the maximum transmis-
sion power of PUCCH to be higher than the maximum
transmission power of PUSCH.

Preferably, when P, ,, .- denotes a maximum transmission
power of the user equipment, P, v »i ey denotes the
maximum transmission power of the PUCCH and P,
rpusce denotes the maximum transmission power ol the
PUSCH, Py, +v=a*Pssv pocces Parax0*Passx, a+b=1 and
1=a>0.5 may be satisfied.

Also, there 1s a user equipment supporting a plurality of
uplink transmission bandwidths in wireless communication
system, the user equipment including a control unit for
controlling maximum transmission power of the plurality of
uplink transmission bandwidths; and a transmitting unit,
connected to the control unit, for transmitting the plurality of
uplink transmission bandwidths to a base station. A primary
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4

maximum transmission power for transmitting a primary
uplink transmission bandwidth among the plurality of uplink
transmission bandwidths 1s allocated firstly from a maxi-
mum power of the user equipment and remaining transmis-
sion power of the maximum power of the user equipment 1s
allocated to remaining uplink transmission bandwidths.

Preferably, each of the remaining uplink transmission
bandwidths 1s determined by subtracting a corresponding

oflset value from the primary maximum power.

Advantageous Effects of Invention

According to the present invention, uplink transmission
power can be saved in user equipment. In addition, uplink
channels can be effectively can be transmaitted.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are 1ncor-
porated 1in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the imnvention.

In the drawings:

FIG. 1 shows basic concept of uplink power control 1n
LIE system.

FIG. 2 illustrates general uplink transmaitter structure in
LIE system.

FIG. 3 shows two uplink power control types in case of
2 Tx antennas according to the present invention.

FIG. 4 shows three uplink power control types 1n case of
4 TX antennas according to the present invention.

FIG. 5 1llustrates an uplink power control types 1n case of
4 TX antennas according to the present invention.

FIG. 6 shows an example of multi component carriers
used for a UE.

FIG. 7 1s a block diagram showing constitutional elements
ol a device performing a method of the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

Retference will now be made 1n detail to the exemplary
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings. The detailed
description, which will be given below with reference to the
accompanying drawings, 1s mntended to explain exemplary
embodiments of the present invention, rather than to show
the only embodiments that can be implemented according to
the mvention. The following detailed description includes
specific details 1n order to provide a thorough understanding
of the present mvention. However, it will be apparent to
those skilled in the art that the present invention may be
practiced without such specific details. For example, the
following description will be given centering on specific
terms, but the present invention 1s not limited thereto and
any other terms may be used to represent the same mean-
ngs.

Herematter, multiple power control mechanism of the
present ivention can be employed for handling power
imbalance between multiple antennas 1n the uplink.

FIG. 3 shows two uplink power control types in case of
2 Tx antennas according to the present invention. In 271X, as
shown 1n FIG. 3, uplink power control types can be con-
sidered. In type-A of FIG. 3, both transmission antennas
always transmit the same power 1rrespective ol power
imbalance for the sake of simplicity. In this case, fine control
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of each transmit antenna cannot be allowed so power waste
in a UE can be expected due to coarse power adjusting.

The type-B shows that power control 1s performed for
cach of the two antennas 1n uplink. Power saving 1n uplink
1s one of key features since 1t 1s closely related to battery
clliciency. Theretfore, by adjusting power for each of anten-
nas, 1t would be possible to save more transmit power at a
UE. For example, the power of the second antenna P, can be
controlled by delta ofiset to the power of the first antenna P,
1.e., P,=P+A . .

In this case, different type of power control can be
employed according to uplink channel. The following Table

1 shows a combination of power control of PUSCH and
PUCCH 1n case of 2 TX antennas.

TABLE 1

PUSCH PUCCH
Case-A Type-A Type-A
Case-B Type-A Type-B
Case-C Type-B Type-A
Case-D Type-B Type-B

Meanwhile, 4 Tx antennas can be employed in UE. FIG.
4 shows three uplink power control types in case of 4 TX
antennas according to the present invention.

The type 1 shows the same power transmission across all
the transmission antennas. This type has the least complexity
and control overhead. However, power saving performance
would be worst among the three types due to 1ts coarse
power adjustment. To improve the performance, group-wise
power control can be used 1n which two antenna groups from
four antenna ports have its own power control factor as
shown 1n type-2 in FIG. 4. An antenna group may have one
or higher number of antenna ports and the other antenna port
belongs to the other antenna group in this case. Antenna
power control can be also used for 4 Tx antennas to provide
better power saving performance. In this case, diflerent type
of power control can be employed according to the uplink
channel as shown 1n the following Table 2.

TABLE 2

PUSCH PUCCH
Case-1 Type-1 Type-1
Case-2 Type-1 Type-2
Case-3 Type-1 Type-3
Case-4 Type-2 Type-1
Case-5 Type-2 Type-2
Case-6 Type-2 Type-3
Case-7 Type-3 Type-1
Case-¥ Type-3 Type-2
Case-9 Type-3 Type-3

In Table 1 and Table 2, several cases are mentioned for
2'Tx and 4Tx antenna ports. Among the cases, the following
Table 3 can be considered as appropriate case as an exems-
plary from the optimal tradeofl between control signaling
overhead and power saving performance.

TABLE 3

21Tx 4Tx
Ex-1 Case-A Case-1
Ex-2 Case-A Case-4
Ex-3 Case-A Case-5
Ex-4 Case-C Case-1
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TABLE 3-continued

6

21X 4Tx
Ex-5 Case-C Case-4
Ex-6 Case-D Case-1
Ex-7 Case-D Case-5
Ex-8 Case-D Case-9

Each transmission antenna has 1ts own maximum power
P,,.+ as shown in Math Figure 1 and the maximum power
depends on the UE class. Therefore, the maximum power 1s
fixed 1n the UE perspective. If the P, .- 1s allowed to be
configured by the eNB, antenna power imbalance problem
can be solved easily and the eNB has an ability to turn on/off
a specific transmit antenna port at a UE 1f multiple power
control factor 1s employed.

As 1n type-B 1n FIG. 3, P, and P, can be used for per
antenna based power control. In that case, 1n general, P, and
P, have same P, ,, .- under the assumption that same physical
antenna and power AMP are employed for each transmit
antenna port and the P, ., .- 1s fixed value. Here, each antenna
port cannot transmit power higher than P,,, .. Therefore, by
allowing configurable P,,,,- for each transmit antennas,
flexible power control 1s possible i the uplink.

Let P, 5, xand P, 5, be maximum power for P, and P,,
respectively. Then, multiple values for P, ,,, and P, ,
can be used so as to allow flexible power control. The
multiple values can be expressed as

ﬂlPlMAX

and

P, AMAX

where ¢, and o, has several values including ‘0" and “1°. If
a.,=0 1s used for an antenna port, which implies that the
corresponding antenna port 1s turned off.

This can also be applied for type-3 i FIG. 5§ in the same
manner. In addition, P, ,,,+ and P, ,,,, can be fixed value
per UE or UE class.

If two or more number of power control factor are used
according to the type, the power can be separately defined
according to the uplink channel. Let P, and P, be the power
control factors for each transmit antenna and/or antenna

group. The P, ., can be defined as following Table 4 when
multiple channels (e.g., PUSCH and PUCCH) are transmuit-

ted at the same time.

TABLE 4
Prrax Prrax = PIMAX + PEMA‘X
PlMAX P 1LALAX = PI,PUSC‘HMAX + Pl,PUCCHMM
PEMAX PEMA‘X =P, PUSCHMAX T P, LPUCCHMAX
lIype-P P 1LLPUCCHMAX = PQ,PUCCHMAX = PPUCCHMAX/ 2P1,PUSCHMAX =
P 1LAMAX ~ P, ,PUCCHMAXPE,PUSC‘HMAX =
PEMAX — PE,PUCCHMAX
Type-Q P 1,PUSCHMAX = P, PUSCHMAX = PPUSCHMAX/ 2P 1,PUCCHMAX =

PIMAX_ PI,PUSCHMAXPE,PUCCHMAX=
PE.,M"AX_ PE,PUSCHMAX

In addition, the P, ,,,-can be defined as following Table 5
when PUCCH and SRS are transmitted at the same time.

TABLE 5
PMAX PMAX = PIMAX + PEMAX
PlMAX PIMAX= PlﬁRSMAX + PI,PUCCHMAX

PE MAX PEMAX = P2 SRSEAMAX + P2 LUCCHMAX
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TABLE 5-continued

Type-P Pl,PUCCHMAX =P, LUCCHMAX = PPUCCH,M’AX/ 2P 1,SRSAAX =
PIMAX — PI,PUCCHMAXPE SRSMAX = P, MAX
PE.,PUCCHMAX

Type-Q Pl,,SRSMAX = PQ,SRSMAX = PSRSMAX/ 2 PI,PUCCHMAX =

P LMAX P I,SRSMAXPE,PUCCHMAX = P2 MAX
PE.}.SRS MAX

Furthermore, the P, ., can be defined as following Table
6 when PUSCH and SRS are transmitted at the same time.

TABLE 6

PMAX PMAX = PIMA‘X + PEMA‘X

PlMAX PIMAX = Pl,,SRSMAX + PI,PUSCHMAX

PEMAX PEMAX = PE?SRSMAX + PE,PUS CHMAX

T}f'pﬂ-P PI,PUSCHMAX = PE,PUSCHMAX= PPUSCHMAX/ZPIJRSMAX =
PIMA‘X_ PI,PUSCHMAA’PETSRSMAX = PEMAX_
PE,PUSCHMAX

T}prt—Q PI?SRSMAX= PE?SRS"MAX= PSRS"MAX’/Z Pl,PUSCHMAX=

PIMAX - PLSRSMAXPE,PUSCHMAX = PEMAX - PE,SRSMAX

In addition, the P, ,, - can be defined as following Table 7
when PUSCH, PUCCH and SRS are transmitted at the same
time.

TABLE 7

PMAX PMAX = PIMAX + PE.,M’AX

PIMAX PIMA‘X= PIJRSMAX + PI,PUSCHMAX + PI,PUCCHMA‘X

PEMAX PEMAX = PE,SRSMAX + PE,PUSCHMAX + PE,PUCCHMAX

T}’pEﬁ-P PI,PUCCHMAX= PE,PUCCHMAX = PPUCCHMAX/zPl,PUSCHMAX=
PE,PUECHMAX = PPUSCHMAX/EPI,SRSMAX=
PIMAX_ (PI,PUCCHMAX+ PIPUSCHMAX)PE,SRSMAX=
PEMAX_ (PEfUCCHMAX + PE,PUSCHMAX)

T}f'pﬂ-Q Pl.,PUCCHMAX = PE.,FUCCHMAX= PPUCCHMAX’/z Pl,SRSMAX=

P srsarax = Psrsarax’2 P puscaarax =
Py arax— P ruccaicax + Prsrsacad)>. puscaacax = Poarax —
(PQ,PUCCHMAX + PEJRSMAX)

Even though the relationships are defined for multiple
power control factors for each antenna ports and/or each
antenna groups, same rules can be applied for single power
control factor for whole antenna ports.

UE imforms 1ts maximum transmittable power for each
transmission antenna ports such as Py ;2 vand Ps 1m 205
where the former indicates the maximum transmittable
power of first antenna port and/or first antenna group and the
latter 1indicates that of second antenna port and/or antenna
group. From this reports, the eNB can choose each antennas
and/or each antenna groups maximum power P, ., and

P.’Z,MAX
The power control factor can be switched across the
antenna port. Let A ,1=0, . . ., N ~1 be 1-th antenna port, then

power control factors P, 1n type-B of FIG. 3 can be mapped
as the following Table 8.

TABLE 8
Power control factor mapping

Aoy},
AP}
{Aqy:P, ],
{AI:PD}

Switching

off

OI1

This switching can be configured by eNB or done by U.
request. The switching can be more complicated for 47T
case. The type-2 i FIG. 4 can be defined according to the

switching rule shown 1n the following Table 9.
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8
TABLE 9

Switching Power control factor mapping

off {AGy:P,},
{AG:P,}
{AGD:PI}:

{AG P}

on

In Table 9, AG,, 1=0,1 indicates antenna groups in which
four antenna ports are separated to two groups.

FIG. 5 illustrates an uplink power control types in case of
4 TX antennas according to the present invention. The
number of antenna ports in each group can be diflerent as
shown 1 FIG. 5.

The antenna ports in an AG, can be changed according to
time, frequency or uplink channel and UE class. The fol-
lowing Table 10 shows an exemplary antenna grouping.

TABLE 10

Antenna grouping

Ex-1 AGo:{ApA, L,
AG A2, As}
Fx-2 AGo:{Ag, Ao,
AGHALA;]
Ex-3 AGy{Ay],
AGH{A LA A
Ex-4 AGy{A,},
AG1{A0,A2As]
Ex-5 AGy{AS ],
AG {AgA LA
Ex-6 AGy{A;},

AGI:{AD:AI:AE}

To have multiple power control factors such as P, and P,
only UE specific correction value can have multiple values

such as 1,(1),g,(1) for P, and 1,(1), g,(1) for P,, and the others

are shared across the power control factors since the UE
specific correction value 1s a closed-loop power control
handled by an eNB so that more precise power adjustment
1s possible.

Abovementioned power control type can vary in time 1n
a UE point of view and may be configured by eNB 1n
semi-static manner.

According to the UE class, the number of power control
factor can be diflerent with same number of antenna port.

Each power control factors P, can includes zero power
transmission, that 1s, antenna turn ofl, so that only specific
antenna and/or antenna group can transmit power. This can
be controlled by several ways as the following.

Each antenna or antenna group may have 1ts own maxi-
mum transmission power limitation such as P, . and
P, ... and the maximum transmission power can be con-
trolled by on/oil factor which 1s configured by the eNB. The
on/off control factor can be expressed as ¢.0 and f.

These control factors may have only two values that 1s 0’
or ‘1’ and the value ‘0’ indicates turning off corresponding

antenna, thereby four cases can be defined as Table 11 and
Table 12.

TABLE 11
index  Description
00 a =0,
p=0

both antennas or antenna groups are turned off, thereby no
uplink transmission. (Silent mode)
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TABLE 11-continued

index  Description

01

1
first antenna or antenna group 1s turned off.
10 a
5
second antenna or antenna group is turned off.
11 a=1,

p=1

full antenna transmission (normal transmission mode)

TABL.

12

(L]

index Description

00 a =0,

p=0

Reserved for other purpose

a = 0,

p=1

first antenna or antenna group 1s turned ofl.
a=1,

p=0

second antenna or antenna group is turned off.
11 a=1,

B =1

full antenna transmission (normal transmission mode)

01

10

A specific power control factor controlled by eNB may
force a UE to turn ofl a specific antenna or antenna group 1n
order not to waste transmission power.

Meanwhile, SRS 1s used to estimate channel information
at an eNB side, therefore each antenna should transmait
reference signal. However, due to higher signaling overhead,
the eNB can request SRS for a specific antenna or antenna
group. This may be used with antenna turn ofl mechanism
mentioned above. The 2 bit indication can be used to support
four types of SRS request for 2Tx and 4Tx transmission
antenna case. For 2Tx case, SRS transmission can be

classified as Table 13.

TABLE 13
indication Description
00 Silent mode or reserved
01 First antenna only transmits SRS
10 Second antenna only transmits SRS
11 Both antenna transmit SRS

In addition, for 4Tx case, the following Table 14 can be
considered.

TABLE 14
indication Description
00 Silent mode or reserved
01 First antenna group only transmits SRS
10 Second antenna group only transmits SRS
11 Both antenna group transmit SRS

In Table 14, antenna group can be configured as shown in
FIG. 4 and FIG. 5, for example. However, 1t 1s not limited
to FIG. 4 and FIG. 5.

Hereinafter, a power control method for transmitting
PUSCH and PUCCH simultaneously will be described.

The Math Figures 1 and 3 can be represented as following,
Math Figures 8 and 9 for the sake of simplicity, respectively.

P PUSCH(f):miH{P vaxE PUSCHFEQHI.FEJ(I.)} [dBm ] [Math Figure %]
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required

In Math Figure 8, P, o7/ can be P, e, c77(i)=

10 log, ((MpyscaiN+P o_pusca1)+0() PL+A (1)+1() 1t
the same power control method 1s used for advanced system
(e.g., LTE-A). Therefore, in general, P, o, 7 implies
that required transmission power to reach the error require-

ment and 1t can be designed by any other method.

P PUCCH:miH{P vt PUCC‘HFEQH#EJ(I.)} [dBm] [Math Figure 9]

In Ma‘_[hd Figure 9, Poccr 7  can  be
Fedqiiire oy
Prvecr 7 ND)=Po_prceatPlh(0eonzpo)+

Ar oreerAF)+g(i), however, it is not restricted to the Math
Figure 3 as well. Therefore, P,, - c7? also simply
implies required transmission power to meet the received
SNR requirement and can be designed by several ways.
In addition to PUSCH and PUCCH, SRS power control
factor also can be simplified as the following Math Figure

10.

Psps(iy=min{ Pyr xPsps (i)} [Math Figure 10]

In Math Figure 10, the P, . 1s the maximum allowed
transmission power and configured by higher layer signal-
ing. Therefore, to transmit both PUSCH and PUCCH simul-
taneously, the P,,, .- should be shared by both channels. In

this case, several types of power sharing can be considered.

Hereafter, P,, . > and P,, ““““* denote maximum
allowed transmission power for PUSCH and PUCCH,
respectively. Therefore, P, =P, ..~ 4P, 7
should be satisfied 1n simultaneous transmission case. In the
other cases such as PUCCH only transmission or PUSCH
only transmission, P.,,+=Pr v =Prv —C 7 can be
used.

The P,,,.- can be evenly shared for both PUSCH and
PUCCH. In this case, the power sharing relationship can be

expressed as

PUSCH

Parax =P MAXPUCCH:P AAX 2

This even power sharing can be simplest power sharing
method since the maximum power 1s divided by two and no
additional signaling 1s needed.

In general, the control channel (1.e., PUCCH) requires
higher reliability compared to traflic channel (1.e., PUSCH)
since an error 1n control channel more seriously degrades
system throughput as compared with that 1n traflic channel.
Therefore, PUCCH channel can be prioritized to spend more
transmission power. If control channel 1s well designed to
reach an error requirement without full power transmission,
the traflic channel prioritized power sharing method also can
be considered. The following Math FIG. 11 denotes priori-
tized power sharing method.

( @ Math Figure 11]
pPUSCH _ p | gu
MAX o +ﬁ MAX
.{
UCCH _ p Piyax
| uax oy

In Math Figure 11, . and {3 are a rational number which
1s equal to or larger than ‘0’ and satisfies the condition

a+p=1.

If 0>>0.5 1s satisfied, the PUSCH can have higher maxi-
mum power and PUCCH can have higher maximum power
in the other case.

Meanwhile, the PUCCH transmission can be guaranteed

by allowing maximum power transmission  as
P PUCCH:P
MAX MAX
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The maximum transmission power for PUSCH transmis-
sion can be defined as the following Math Figure 12.

Pypax P (O =Parax—Ppuccu(i) [Math Figure 12]
In this case, the P, .~ “““*’ may be configured by higher
PUSCH

layer and P, can be calculated by UE as the
P . ~c7(1) value get changed 1in time.
If PUSCH transmission 1s guaranteed, the power alloca-

tion method mentioned above can be switched between
PUSCH and PUSCH. In this case, the maximum power

transmission for PUSCH can be P MAXP CSCH—_p . and the

Math Figure 12 should be changed into Math Figure 13.

P MAXPUCCH(f): vax—Fpusceli) [Math Figure 13]

Meanwhile, the P,, .~ *~" and the P, .. “““ can be
configured separately by higher layer signaling. In this case,
separate maximum transmission power should be informed
to a UE such as PUSCH only transmission, PUCCH only
transmission and simultaneous transmission for more efli-
cient power allocation as the following Table 15.

TABLE

15

Maximum allowed transmission power

PUCCH only PMAXPUCCH only
PUSCH only PMAXPUSC‘H only
Simultaneous Transmission Py Yo
and
p.  PUCCH
MAX

Meanwhile, 1n PUCCH transmission, several types of
information are included such as Acknowledgement/Nega-
tive Acknowledgment (ACK/NACK), Channel Quality
Information (CQI), Rank Information (RI) and Precoding
Matrix Index (PMI). Even in PUCCH transmission, ACK/
NACK should be strongly protected when multiple uplink

channel transmission 1s possible in a same subirame. In
addition to ACK/NACK, RI also needs to be protected.
Theretore, when at least one of ACK/NACK and RI 1s
transmitted, the following UE behavior can be defined.

In the first type, other uplink channels including PUSCH
and SRS are not allowed to be transmitted.

In the second type, PUCCH 1s first guaranteed and if there
1s remaining power, the remaining power 1s shared with the
other channels. In this case, the information such as CQI and
PMI cannot be guaranteed.

Meanwhile, 11 unbalanced power allocation 1s employed
for simultaneous transmission of PUSCH and PUCCH,
according to allowed maximum power, one of the uplink
channels can be dropped 11 the allowed maximum power 1s
not exceed a certain level of power. For instance, when
threshold level 1s set to P, ., ., as a reference, a UE can
check whether maximum allowed transmission power 1s
higher than P, _, . and if P,,,.~ < and P,,,* <" is
lower than P, __, .. dropping corresponding channel at a
time.

Abovementioned maximum allowed transmission power
P, . > and P,,, . “““" can be shared with multiple
antennas if multiple P, .~ ~°“? and/or P,, .. 7" are
employed for better supporting multiple transmit antennas.

Meanwhile, 1f multi-carrier 1s employed for a single UE,
the P, ,,, should be shared for multi-carrier as well.

First, a description 1s given of the concepts of the term
multi-carrier and the term component carrier. Multi-carrier
indicates a total frequency band that 1s used by the UE and
has the same meaning as whole band.

The component carrier 1s one of the component carriers

that constitute the multi-carrier. That 1s, a plurality of
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component carriers constitutes a multi-carrier through car-
rier aggregation. Each component carrier includes a plurality
of lower bands. Here, when the term multi-carrier 1s
replaced with whole band, the aggregation of component
carriers may be referred to as bandwidth aggregation. The
term lower band, which indicates a sub-band, may be
replaced with partial band. The carrier aggregation aggre-
gates a plurality of carriers to extend the bandwidth i order
to increase the data rate. For example, the conventional
system uses 20 MHz as one carrier, whereas the system of
the present invention aggregates five 20 Mhz carriers to
extend the bandwidth up to 100 MHz. The carrier aggrega-
tion includes aggregation of carriers that are located in
different frequency bands.

FIG. 6 shows an example of multi component carriers
used for a UE. In FIG. 6, each component carrier can be
regarded as independent physical channel (PHY) or LTE
channel.

Let the P,,,.-be a maximum allowed transmission power
in uplink for whole component carriers aggregated and the
number of component carrier can vary according to time in
a UE perspective. For instance, 11 the number of the uplink
component carrier (N, ) for a UE can vary from 1 to 5
(1.e., 1=N_,,=5), then the P, , can be shared by N_,,.,
component carriers. For the multiple component carriers,
followings can be considered.

The maximum allowed power P, , , .-can be equally shared

by N_,,, component carriers. Therefore, each component
carrier may have P, /N maximum allowed power. In

com
addition, each component cari?'ier may have same or different
P, .. >“ and P,, .~ ¢ ratio for simultaneous trans-
mission.

Among N_,, component carriers, one component carrier
can be set as a primary carrier (called as anchor carrier as
well), and used for transmitting prioritized information such
as control channel, system information and etc. In this case,
the primary carrier should be prioritized to provide more
reliable system performance. The maximum allowed trans-
mission power in primary carrier can be P, , .-

The remained pOWer P remairned s

| MAX (=P prax-
Ppﬂmr;eq“”‘gd(f) 1s shared with the other component carri-
ers. In this case, the P,,,"*"*"*“(i) can be also shared
evenly between the remaining component carriers. In addi-
tion, the P,,,"*"*"“(i) can be used for secondary carrier
which 1s used for transmitting prioritized information next to
the primary carrier.

In addition, even though whole required power cannot be
allocated to primary carrier, higher power also can be
allocated to primary carrier. In this case, primary carrier can
be reference carrier for power sharing information such as
P,, 2" (q),

the other component carrier power sharing information

can be mformed with minus delta oflset of primary carrier
such as

P araxl)= MAX(f) A, pses

where A, o 18 satistying A 20.

The P,,, . for each component carrier can be configured
by higher layer signaling. Full flexibility can be supported in
this case. However, complexity and control signaling over-
head can be higher than the other methods mentioned above.
This can be indicated by delta oflset from reference carrier.
If three component carriers are employed for a UE, P, , .
P, arax and P; 5,5 can be each component carriers maxi-

mum transmission power. It P, ,,, .- 1s the reference carrier,

P.’Z,MAX:PI MAXPAZ,Gﬁsef and P, MAX:Pl,MAX—AS,oﬁser can be
informed to a UE.
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A; ope; May have a value having a predetermined range
including “0’.

Meanwhile, weighted power sharing i1s also possible for
multiple component carriers. The following Math FIG. 14
shows weighted power sharing for multiple component
carriers.

PI,MHX = Q) PMAX Math FlgllI‘E 14]

P piax = a2 Pupax

PN omp MAX = QN o, Priax

'

In Math Figure 14, a,+a..+ . .. +(1Ncmp:l 1s satisfied.

In addition, each component carrier can have separate
P rvrax- =1, ... N, and the P, ,,,;-can be shared with two
or more uplink channels at a time and 1t can be also used for

a single uplink channel. When P, , - 1s shared with two or
more uplink channels such as PUCCH, PUSCH and SRS,
the power sharing can be prioritized. Among three channels,
PUCCH could be most important since misdetection of

control channel may harm system performance seriously.
The PUUCH can be prioritized as the following Math Figure
15.

[Math Figure 135]

N comp

UCCH UCCH
Pﬁmx = Z PfMAX
i=1

In Math Figure 15, all component carrier’s P, .~ “““" is

guaranteed as same as PI.:‘MAXP R S o Nomps
where K 1s a certain value to be used for PUCCH channel.
The other uplink channels shares the remaining power.
FI1G. 7 1s a block diagram showing constitutional elements
of a device 100, that can be either a UE or an eNB, and that
can perform the methods described above. Device 100
includes a processor 101, a memory 102, a radio frequency
(RF) unit 103, a display unit 104, and a user interface unit
105. Layers of the radio interface protocol are implemented
in the processor 101. The processor 51 provides the control
plane and the user plane. The function of each layer can be
implemented 1n the processor 101. The processor 101 may
also 1include a contention resolution timer. The memory 102
1s coupled to the processor 101 and stores an operating
system, applications, and general files. If device 100 1s a UE,
the display unit 104 displays a variety of imnformation and
may use a well-known element such as a liquid crystal
display (ILCD), an organic light emitting diode (OLED), etc.
The user interface umt 105 can be configured with a com-
bination of well-known user interfaces such as a keypad, a
touch screen, etc. The RF umit 103 1s coupled to the
processor 51 and transmits and/or receives radio signals.
The embodiments described above are provided by com-
bining constituent elements and features of the present
invention 1n specific forms. The constituent elements or
features of the present invention may be considered optional
iI not explicitly stated otherwise. The constituent elements
or features may be implemented without being combined
with other constituent elements or features. The embodi-
ments of the present mvention may also be provided by
combining some of the constituent elements and/or features.
The order of operations 1n the embodiments of the present
invention may be changed. Some constituent elements or

features of one embodiment may be included in another
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embodiment or may be replaced with corresponding con-
stituent elements or features of another embodiment. It 1s
apparent that the present mvention may be embodied by a
combination of claims which do not have an explicit cited
relation 1n the appended claims or may include new claims
by amendment aiter application.

The embodiments of the present invention have been
described focusing on the data communication relationship
between an eNB and a UE. Here, the eNB refers to a

terminal node of a network communicating directly with the
UE. In some cases, a specific operation described as being

performed by the eNB may be performed by an upper node
of the eNB.

Namely, 1t 15 apparent that the eNB or any other network
nodes may perform various operations for communication
with the UE 1n a network comprised of a plurality of network
nodes including the eNB. The term eNB may be replaced
with the term fixed station, Node B, access point, etc. The
term UE corresponds to a mobile station (MS) and the MS
may be replaced with the term subscriber station (SS),
mobile subscriber station (MSS), mobile terminal, etc.

The UE employed in the present invention may be a
personal digital assistant (PDA), a cellular phone, a personal
communication service (PCS) phone, a global system for
mobile (GSM) phone, a wideband code division multiple
access (wide CDMA) phone, a mobile broadband system
(MBS) phone, etc.

The embodiments of the present invention may be imple-
mented by various means, for example, hardware, firmware,
software, or a combination thereof.

In a hardware configuration, methods according to the
embodiments of the present invention may be implemented
by one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, efc.

In a firmware or software configuration, methods accord-
ing to the embodiments of the present invention may be
implemented 1n the form of modules, procedures, functions,
etc. which perform the above-described functions or opera-
tions. Software code may be stored 1n a memory unit so as
to be driven by a processor. The memory unit 1s located at
the interior or exterior of the processor and may transmit
data to and receive data from the processor via various
known means.

The present invention may be embodied 1n other specific
forms than those set forth herein without departing from the
spirit and essential characteristics of the present invention.
The above description is therefore to be construed 1n all
aspects as illustrative and not restrictive. The scope of the
invention should be determined by reasonable interpretation
of the appended claims and all changes coming within the
equivalency range of the invention are intended to be
embraced in the scope of the mnvention.

Mode for the Invention

The embodiments of the present invention may be imple-
mented by various means, for example, hardware, firmware,
software, or a combination thereof.

In a hardware configuration, methods according to the
embodiments of the present invention may be implemented
by one or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, microcontrollers, microprocessors, efc.
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In a firmware or software configuration, methods accord-
ing to the embodiments of the present invention may be
implemented 1n the form of modules, procedures, functions,
etc. which perform the above-described functions or opera-
tions. Soitware code may be stored in a memory unit so as
to be driven by a processor. The memory unit 1s located at
the interior or exterior of the processor and may transmit
data to and receive data from the processor via various
known means.

The present invention may be embodied 1n other specific
forms than those set forth herein without departing from the
spirit and essential characteristics of the present invention.
The above description 1s therefore to be construed 1n all
aspects as 1llustrative and not restrictive. The scope of the
invention should be determined by reasonable interpretation
of the appended claims and all changes coming within the
equivalency range of the invention are intended to be
embraced 1n the scope of the invention.

INDUSTRIAL APPLICABILITY

As apparent from the above description, the present
invention 1s applicable to a transmaitter and a recerver for use
In a communication system.

What 1s claimed 1s:

1. A user equipment for supporting multiple component

carriers through carrier aggregation, comprising:

a processor configured to determine a maximum trans-
mission power P,y »rccz 0F physical uplink control
channel (PUCCH) and a maximum transmission power
Prraxrusce ©0f physical uplink shared channel
(PUSCH) for a component carrier x among the multiple
component carriers; and

a radio frequency (RF) unit, coupled to the processor,
configured to transmit the PUCCH and the PUSCH on
the component carrier X,

wherein the RF unit i1s further configured to receive
control iformation associated with respective maxi-
mum allowed powers for the multiple component car-
riers,

wherein the maximum transmission power P, x prrcczr 18
set to be Py, 5., Where Py, 15 @ maximum allowed
power for the component carrier X, and

wherein the maximum transmission power P, x prisczr 18
set to be ‘P, v -Pryccy’ » Where Ppp oy 18 a trans-
mission power of the PUCCH.

2. The user equipment of claim 1, wherein the processor

1s further configured to determine

the transmission power P, -~z 01 the PUCCH within the
maximum transmission power P, ., + »r ez and

a transmission power P, .~ 0f the PUSCH within the
maximum transmission power P, ., v »rsczr

3. The user equipment of claim 2, wherein the RF unit 1s

configured to transmit the PUCCH at the transmission power
Pz and the PUSCH at the transmission power P, ¢z
on the component carrier X simultaneously.

4. The user equipment of claim 3, further comprising;:

a plurality of antennas,

wherein the RF unit 1s further configured to receive
information indicating one or more antennas to be
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turned on or turned ofl and to transmit the PUCCH and

the PUSCH through one or more antennas turned on.

5. The user equipment of claim 1, wherein the multiple

component carriers share a maximum transmission power
P,, .+ of the user equipment.

6. The user equipment of claim 1, wherein the component

carrier X 1s a primary component carrier among the multiple
component carriers.

7. A method for transmitting uplink signal at a user
equipment supporting multiple component carriers through
carrier aggregation, comprising:

recerving control information associated with respective

maximum allowed power for the multiple component
carriers:
determining a maximum transmission power Py, v »rccp
of a physical uplink control channel (PUCCH) and a
maximum transmission power P, ., « »r o0z 0F a physi-
cal uplink shared channel (PUSCH) for a component
carrier X among the multiple component carriers based
on a maximum allowed power for the component
carrier X among the respective maximum allowed
power for the multiple component carriers; and

transmitting the PUCCH and the PUSCH on the compo-
nent carrier X,

wherein the method further comprises:

recerving control information associated with a maximum
allowed power for each of the multiple component
carriers,

wherein the maximum transmission power Py, s »r7cczr 18

set to be Py, v, where P, 5, 1s the maximum allowed
power for the component carrier X, and

wherein the maximum transmission power P, v prsczy 18

set 1o be Py v -Proccs’s where Ppryory 18 a trans-
mission power of the PUCCH.

8. The method of claim 7, further comprising:

determining the transmission power P, -~ of the

PUCCH within the maximum transmission power
Parrax.pocces and

determining a transmission power P, .., of the PUSCH

within the maximum transmission power P, ., s »r sz

9. The method of claim 8, wheremn transmitting the
PUCCH and the PUSCH comprises transmitting the
PUCCH at the transmission power P~ and the PUSCH
at the transmission power P, .~ on the component carrier
X simultaneously.

10. The method of claim 9, wherein the user equipment
includes a plurality of antennas, and the method further
COmMprises:

recerving imnformation indicating one or more antennas of

the plurality of antennas to be turned on or turned off;
and

transmitting the PUCCH and the PUSCH through one or

more antennas turned on.

11. The method of claim 7, wherein the multiple compo-
nent carriers share a maximum transmission power P, . .- of
the user equipment.

12. The method of claim 7, wherein the component carrier
X 18 a primary component carrier among the multiple com-
ponent carriers.
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